Abstract: Life cycle assessment (LCA) is a powerful methodology for the study of health impacts and public policies. We performed this study to quantitatively explain the potential health impacts on disability-adjusted life years (DALYs) of corn produced in Mexico and imported from the United States of America (U.S.) from 1984 until 2014. The processes are hybrid and organic corn production. The functional unit was defined as 1 ton of corn production. Results indicate a total value of 178,431, 244,175, and 283,426 DALYs of three decades: 1984178,431, 244,175, and 283,426 DALYs of three decades: -1993178,431, 244,175, and 283,426 DALYs of three decades: , 1994178,431, 244,175, and 283,426 DALYs of three decades: -2003178,431, 244,175, and 283,426 DALYs of three decades: , and 2004178,431, 244,175, and 283,426 DALYs of three decades: -2013, of Mexican production; the U.S. production and transport were also calculated, showing values of 29,815, 65,837, and 107,729 for the same three decades. Additionally, DALYs were obtained for the category of human health and climate change by functional unit: 802.31
Introduction
Corn is the second most cultivated crop with the highest production worldwide with 615,533,645 Mton (millions of tons) [1] . The U.S. is the largest producer with 273,820,066 Mton, while Mexico produces 22,069,254 Mton. Corn is also the main crop and food base of Mexico, with 27% of agricultural land, comprised of 2.8 million Hectares of corn farmlands [2] . During the period of 1996-2006, the cultivation of corn occupied 51% of all cultivated and harvested lands, generating 7.4% of the total agricultural production, and representing 30% of the total value of production [3] .
In recent years, there has been a growing concern about the sustainability of agricultural and food systems and the unforeseen effects on environment and human health [4] . Little has been done about the subject of NAFTA in relationship with the health and environmental impacts between both
Description of the Analyzed Processes
An environmental profile of the three decades of corn production in Mexico was calculated: 1984-1993 (pre NAFTA), 1994-2003 (post NAFTA), and 2004-2013 (current situation). The proportions of hybrid corn, cultivated with chemicals, and organic corn were estimated with values proportioned for the Commission for Environmental Cooperation [13] . Estimations were taken from the VII Mexican Agricultural Census of 1991 to propose the distribution of the use of hybrid seeds by state. This distribution per state was then multiplied by the percentage using chemical fertilizers to obtain this data. This percentage was obtained for each Mexican state from statistics of the Agro-food and Fishing Information Service (SIAP for its acronym in Spanish) of the years 2011 and 2013 in the section: "Planted surface and harvest by Mexican federal entity, according to the use of chemical fertilizers". An estimate of organic production by each Mexican state during all of the periods of national study was calculated by obtaining the difference between the entire hybrid corn production and the one that uses chemicals in crops (Appendix A); the difference being 26.94% of the organic corn produced in Mexico. A table by functional unit was then elaborated (see Appendix B). For this, we obtained the data of corn production in Mexico from the Ministry of Agriculture, Ranching, Rural Development, Fisheries, and Food Supply of Mexico [7] .
The effects of U.S. production and its transport to Mexico were also evaluated. To obtain this, three states from the U.S. were selected to estimate all corn produced and transported to Mexico: Iowa, Illinois, and Indiana, which are located in the middle of the "corn golden belt of the U.S." (see Table 1 ). To estimate the quantities that are imported to Mexico, percentages were taken and calculated by quantities and locations [14] , assuming the following distribution for Mexican entries: Nuevo Laredo (73%), Matamoros (7%), and Veracruz (20%). Distances were considered on Table 1 for the analysis of imported corn from the U.S. to the center of Mexico and 1133 kilometers by train for hybrid corn produced in Mexico to be processed in Mexico. For this, the mean distance between the states with higher production and industrialization were considered (Sinaloa and Nuevo Leon, respectively) to the center of the country and 100 kilometers by truck for the non-hybrid, chemical-free corn. We consider the organic corn as a self-consumption item; thus, no transportation was considered for organic corn. Table 2 shows corn data, in tons, that were considered in the evaluation.
For the water route, the kilometers by rail to the port of St. Louis, Missouri, and 2300 km by water to the port of Veracruz are considered. For the terrestrial route, the kilometers from the geographic center of each American state in a straight line to the corresponding entry point were considered: Nuevo Laredo or Matamoros, and from those points to the center of Mexico, at Mexico City. The total quantities of corn, in millions of tons, are denominated Absolute Data, and their impacts in health are called Total Values. 
Analysis per Functional Unit
A product system is a set of energy connections, material, and unitary processes performing one or many defined functions [10] . For this study, the impact data from the last three decades of corn produced in Mexico and imported from the U.S., from 1984 until 2014 is grouped and normalized by functional unit (FU), which is defined as: "1 ton of corn grain produced", and is analyzed by Endpoint (H), worldwide normalization (H/H).
Limitations of the System
We have excluded in the analysis, due to the lack of reliable data, the requirements of the corn production infrastructure. The normalization of the results is performed by the total absolute quantification (without normalization) of the three decades considered in this study.
Results

Inventory of the Life Cycle: Results from Absolute Data
In our analysis presented in Figure 1 (in GPt), are the three impact categories described on Table 3 : Human Health, Ecosystems, and Resources. The production in Mexico and the last three decades of imports are observed and found in the same graphic.
Int. J. Environ. Res. Public Health 2016, 13, 709 For the water route, the kilometers by rail to the port of St. Louis, Missouri, and 2300 km by water to the port of Veracruz are considered. For the terrestrial route, the kilometers from the geographic center of each American state in a straight line to the corresponding entry point were considered: Nuevo Laredo or Matamoros, and from those points to the center of Mexico, at Mexico City. The total quantities of corn, in millions of tons, are denominated Absolute Data, and their impacts in health are called Total Values.
Analysis per Functional Unit
Limitations of the System
Results
Inventory of the Life Cycle: Results from Absolute Data
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Results by Functional Unit
The total impact values by functional unit of Mexican-produced corn, and that imported from the U.S., are presented on Table 4 . The data of results by functional unit and the data-by-impact category is shown in Figures 2 and 3 respectively. For the data-by-impact category there is a total value of (63.30, 63.29, and 63.26) milipoints (MP) for each of the last three decades of Mexican production, while the U.S. production and its transportation is 67.71 MP. 
The total impact values by functional unit of Mexican-produced corn, and that imported from the U.S., are presented on Table 4 . The data of results by functional unit and the data-by-impact category is shown in Figures 2 and 3 respectively. For the data-by-impact category there is a total value of (63.30, 63.29, and 63.26) milipoints (MP) for each of the last three decades of Mexican production, while the U.S. production and its transportation is 67.71 MP. The impacts per functional unit of the production in Mexico remained the same for all three decades due to the assumption, according to the authors, that for 1 ton of corn produced in Mexico, the proportion of production remains the same for the following: hybrid corn, non-hybrid corn using chemicals, and organic corn. On the other hand, according to the results on hybrid corn exported from the U.S. to Mexico, the impacts remain the same for the three decades, since the corn that was imported was hybrid only (plus its transport to Mexico), and the functional unit also being 1 ton of hybrid corn.
Discussion
The results show two main findings:
1. The total values of corn production were quantified for each impact; corn is the base of Mexican food and provides food security to this country. The maximum in the last decade of corn cultivation in Mexico was found to be 13.6 GPt. This data and analysis is a baseline and reference to quantify the impacts of other established crops in Mexico. We did not find any other documented analysis in Mexico of crop life cycle to date. Sugar cane is still the highest cultivated crop worldwide and is followed closely by corn, then by other crops, such as sorghum, oranges, wheat, banana, tomato, and others. Therefore, corn studies are significant for places like Latin America where corn is the main food supply. 2. The analysis regarding functional units shows that the environmental impact representing the imports is 5 MP over the maximum values of corn that can be produced in Mexico (see Figure  2 ). This indicates that imported corn causes more damage to health, environment, and resources than national production and its internal transportation would entail. Most cultivated corn in Mexico is "white" and it is utilized to produce tortillas and other food products for direct human consumption. This contrasts with the "yellow" hybrid corn that is produced in the US and imported to Mexico, being the only source of imported yellow corn [15, 16] . The yellow corn is commonly used as a feed grain in beef cattle diets throughout the US [17, 18] . According to [19] , 90 to 95 percent of cornstarch is produced using corn imported from the U.S. The impacts per functional unit of the production in Mexico remained the same for all three decades due to the assumption, according to the authors, that for 1 ton of corn produced in Mexico, the proportion of production remains the same for the following: hybrid corn, non-hybrid corn using chemicals, and organic corn. On the other hand, according to the results on hybrid corn exported from the U.S. to Mexico, the impacts remain the same for the three decades, since the corn that was imported was hybrid only (plus its transport to Mexico), and the functional unit also being 1 ton of hybrid corn.
1.
The total values of corn production were quantified for each impact; corn is the base of Mexican food and provides food security to this country. The maximum in the last decade of corn cultivation in Mexico was found to be 13.6 GPt. This data and analysis is a baseline and reference to quantify the impacts of other established crops in Mexico. We did not find any other documented analysis in Mexico of crop life cycle to date. Sugar cane is still the highest cultivated crop worldwide and is followed closely by corn, then by other crops, such as sorghum, oranges, wheat, banana, tomato, and others. Therefore, corn studies are significant for places like Latin America where corn is the main food supply. 2.
The analysis regarding functional units shows that the environmental impact representing the imports is 5 MP over the maximum values of corn that can be produced in Mexico (see Figure 2 ). This indicates that imported corn causes more damage to health, environment, and resources than national production and its internal transportation would entail. Most cultivated corn in Mexico is "white" and it is utilized to produce tortillas and other food products for direct human consumption. This contrasts with the "yellow" hybrid corn that is produced in the US and imported to Mexico, being the only source of imported yellow corn [15, 16] . The yellow corn is commonly used as a feed grain in beef cattle diets throughout the US [17, 18] . According to [19] , 90 to 95 percent of cornstarch is produced using corn imported from the U.S. Tortillas are made with this cornstarch. There is no evidence of increased digestibility or nutritional value of white or yellow corn, but consumers may have resistance to accept yellow corn due to quality problems. This is also due to the knowledge that, over the years, cumulative investment in corn improvement research has been far greater for yellow corn because it is the dominant germplasm adapted to temperate environments in the developed world [20] . The ReCiPe endpoint impact through 1984-2013 in Mexico have remained on the same level because the functional unit is 1 ton of production. However, for hybrid corn exported from the U.S. to Mexico in the three decades, an increase of impacts due to transportation is observed. Transport has a very significant global impact.
One limitation of this study is the missing quantification of the yield. Regarding the strength of the findings, there is data that indicates that white corn is still dominating the production of corn grain in Mexico (national is 91% white, 8.5% yellow, and 0.5% in the other two categories) [21] . This is significant given the health implications that the importation of yellow corn had since 1984 and by the nature of imported yellow corn, which is conceived for another market not specifically for human consumption. Since NAFTA was introduced, we found that, by functional unit, the impacts are lessened by producing corn in Mexico than to produce and transport the imported corn from the U.S.; additionally, it was found that the production, by functional unit, in Mexico is more sustainable than importing the corn from the U.S. It is clear that transporting corn from large distances has a substantial impact. The key political questions are now focused on how to reduce these impacts utilizing a variety of taxes, incentives, and mechanisms for corn in Mexico. It will be necessary to make sure that new political reforms are promoted that push for healthy food production, while externalities in agriculture and food push to be lessened every day. This also implies that the impacts of different food products that are commonly used in Mexico and Latin America can be performed in future studies. Furthermore, different cultivation process/transportation methods can be proposed to improve better practices in agriculture.
There are also some social and public policy implications that should be considered due to the findings in this study. These findings are supported by the interest of the Mexican country to reduce corn importations, and to cater its own consumption with national production in the years to come. For this, it is necessary to increase corn production, giving the producers access to appropriate technologies, including better seeds [22] . There is great aptitude to cultivate corn for human consumption in Mexico. For example, 63.1% of the national surface presents some grade of suitability for corn production [23] . The majority of corn production units in Mexico are at the small and medium scale, and they operate in less than 50% of their full potential. Meanwhile, there is evidence that suggests that Mexico could increase its annual production from 23 to 33 million tons in a period of 10-15 years, which would eliminate the annual deficit of 10 million tons annually [24] .
The changes in agricultural policies impact directly on dietary patterns and health-related conditions. Corn production in the U.S. is subsidized in order to produce, among others, high-fructose syrup and hydrogenated fats that are widely used in the making of processed food products [25] . A positive correlation between agricultural subsidies and the prevalence of obesity has also been observed [26] . In Latin America, changes in the production of corn have been associated negatively with cardiovascular health [27] and other diet-related chronic diseases [28] .
Regarding the sustainable background of NAFTA in agriculture, we have to understand that the agricultural liberalization is strategic and important from an environmental perspective: no other sector exhibits as close a relationship with the environment as terrestrial farming. Part of the results in this paper show that categories like climate change and human health, particulate matter formation, agricultural land occupation, and fossil depletion have the largest impact by functional unit analysis. NAFTA has contributed directly to a 1-2 percent increase in annual gross emissions of carbon monoxide and sulfur dioxide due to changes in the petroleum, base metals, and transportation equipment sectors [29] .
Increased corn exports from the U.S. resulted in an increase of 77,000 tons of nitrogen, phosphorus, and potassium-based loadings to U.S. waterways, with concentrated emissions in the already heavily-polluted Mississippi River Delta [30, 31] .
With the argument of the need for food security, NAFTA was permitted by the Mexican government. Fees were forgone and corn was imported practically without protection. Fees were not reinstated until the year 2000 [32, 33] . To constrain the cost of corn, during the past two decades, the government created free trade programs and restricted imports to maintain the high domestic market price [34] . In this situation, if done rapidly, the liberalization of the agricultural trade could disrupt Mexico's rural labor market [35, 36] . If Mexico eliminates farm supports and allows import competition, Mexico's corn sector would collapse, which will make the low-income communities and the small farmers who cultivate corn for self-consumption the most vulnerable.
Conclusions
The most probable scenario for the immediate future is that nothing will change because NAFTA is still active and it will not represent any risk for the food sovereignty of the US by exporting 1% of its production to Mexico. However, some changes could be proposed, such as those caused by an energy or petroleum crisis, including the mindfulness of the severity of climate change, lack of food, or the high costs of the actual systems.
Mexico relinquished its sovereignty over food policy and has shown limited capability or willingness to deal with the challenges of the food crisis in recent years. It will be necessary to adopt a more inclusive agricultural policy; the present context of uncertainty in the international grain market and negative climate effects underline the vulnerability of the food supply after these two decades of the neoliberal corn regime.
Another strategy for the Mexican State should be to rethink the businesses throughout the supply chain, which need different patterns of land use to supply consumers in local markets. 
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